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PRECEDING PAGE BUNK K07 Fi UXeD 


Present a detailed description of all previous correlation work used to verify the fuselage vibration 
model (two versions - stick and built-up tailboom), including the following: 

a. Ground vibration tests (GVT) , static deflection tests and in-flight excitation simulation 
(References 4 and 5). 



b. Application of the built-up tailboom model predictions to the previous static and vibration 
ground tests of Reference 4. 

c. Correlation of both models with other prior AH-1G GVT results contained in References 6 and 7. 
describe the OLS flight-test program on the AH-1G and assemble the vibration data to be used in the 
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AH-1G OLS ROTOR ENVIRONMENT TEST INSTRUMENTATION 




OLS DATA REDUCTION PROCEDURE 


O' in 

c 


in 

>5 

4) 

d 

fd 

4-< 

O 

in 

d 

o 


p 

o 

a 

a) 

> 

a> 


cn 

X 

O 

P 

(V 

8 * 

P 

a 

<u 

X 


a) d 

p 'd 

Q. <d 

O * 


■8 


4) 

X 


in 

•H 

w 

>1 o 


<u 

p 

TJ 

d 

fd 


<u 

in 


fd 

d 

fd 

d 

o 

■H 

P 

p 

■■3 

> 


*0 

0) 

in 

d 

in 

a 

aj 

p 

in 

0) 

x 


in 


o 

P 


ft 

2 1 > 


4) 

4) 

x 


p 

u 

in 

'O 


4> 

0} 

5 

p 

o 

P 

O 

P 

TJ 

4) 


P 

§,•§> 

o . . 

u 4-i 


4h 

O 

§ 

rH 

4) 

X 

T3 

4) 

P 

d 

0) 

in 

0) 

p 

a 


■H w 


P O 
P P 

o 


a 

<u 


4-1 

O 

d 

o 


H'S 

S.S 

a. 

n) a) 

<0 -H 
4_) 10 
fd d 
no CL) 


U , 

0) 4-1 

in o 

W >4 

■H TJ 
X O 
H XI 


(d 

p 

TJ 


l 


4) ^ <(- 

2 2 

>iCn o 

P *H -H 

(D H r| 
>4-14-1 



4) 








U 



fd 





d 



p 





4) 



fd 





P 



TJ 





4) 








4-1 



rH 





4) 



m 








u 








•H 





6 



p 





O 



in 



d 


P 



d 



o 


4-4 



o 



*H 





u 



■p 


'O 



fd 



<d 


4) 






p 


•H 

4-1 



>4 

X 



& 


•H 






•rH 


«P 



p 


4) 

4-1 


d 



4) 


rH 

d 


4) 

'O 



8 


■s 

o 

u 


•rH 





r-H 






d 


•H 

•p 


fd 



4) 


fd 

X 


P 



p 


> 

O' 


fd 



p 


fd 

•H 


*o 



•H 



rH 





P 


P 

4-4 


4) 





in 



i-H 





4) 

■P 


_Q 





p 

4) 


fd 



-P 


4) 

O' 


rH 



W 


P 

P 


*H 



•H 


d 

fd 


fd 



X 


•H 

«P 


> 



4) 





fd 





4h 

in 



C 


W 

*p 

O 

fd 


X 

r- 


d 

in 




P 

CO 

03 

o 

■H 

in 

< 


•H 


4) 

•rH 

K 

£ 

cn 


> 

<H 

•H 

-P 

4) 

4) 

< 




4-1 

fd 


-P 

2 


(ft 

10 

•H 

p 

in 

•H 



P 

CO 

P 

X 

d 




x 


0) 

•H 

o 

fd 

XI 

p 

O' 


> 

> 

*rH 

*P 


(A 

•H 

CQ 



P 

fd 

T3 

4) 

rH 

m 

w 

4) 

fd 

*o 

4) 

P 

4H 

CO 

fd 

O' 

p 


d 

4) 



? 

fd 

4) 

rH 

o 

P 

rH 

V 


rH 

rH 

rH 

•H 

d 

4) 

< 

>1 

4) 

4) 

fd 

•P 

•rH 

> 

in 

p 

in 

U 


U 


4) 

CO 

•rH 

d 

U 

1 

d 

4-1 

rH 


rH 

4h 

fd 


fd 

O 

1 


•H 



< 

in 


T3 

CO 

X 

O 

X 



W 

d 

<* 

f3 

d 

P 

CO 

< 

P 

fd 


rH 


x 


m 

X 

i 


•rH 

i 


*> 

CO 

O' 

■p 

u 

td 


o 



•H 

x 

m 

> 

CO 

d 

10 

•p 

r— 1 

O' 


fd 

** 


CO 


4-1 

•rH 




t 


O' 


fd 


£ 



* 

-H 


P 


4) 

o 

PQ 

< 

rH 

4-4 

-P 

rH 

P 

uo 

in 

uo 

(X4 

*H 

CO 

* 

•H 


CO 

CO 

•K 

P 








d 



fd 





4) 



p 





•o 

• 


fd 

* 

• 

• 


M 

fd 


Q 

fd 

X 

u 




< 

. 


in 

u 


CO 

p 



4) 


P 



X 

«s 


O' 

in 


•H 

4) 


r-H 

X 


Ut 

•H 



a 


C 

in 


■rH 



P 

in 


in 

£ 


4) 

O 


P 

in 


4) 

in 


P 

o 


d 

rH 


*H 

X 


4H 



O 

in 



4) 


£ 

X 


4) 

u 


P 

p 


•H 

•H 



r-H 


X 

o* 


u 



<d 

- 


4) 

4) 


p 

t 


o 

•H 


4-1 



TJ 

'O 


4) 

4) 


U 

P 


d 

fd 


x) 

d 


o 

rH 


p 

fd 


a 

> 



4) 


r s 



u 

in 


4) 

u 


in 

•H 



P 


o 

in 


rH 

•H 


2 l 

P 



4) 



P 


in 

U 


T3 

fd 

in 

P 

p 

■p 

O 

fd 

p 

u 

X 

O 

4) 

u 

a 

P 


•H 


fd 

P 

fd 

p 

P 

p 

fd 

in 

fd 

TJ 


TJ 


>4 


— 

P 

4) 

in 

o 

p 

in 

p 

•rH 

o 

in 

P 

p 

•H 

d 

o 

X 

1 

w 

z 

1 

<D 

e 



•H 

H 

fd 

X 


in 



u 



•H 



P 



in 



-H 



P 



4) 



P 

d 


U 

o 


fd 

•rH 


p 

P 


fd 

fd 


X 

u 


u 

■H 



4-1 


— 

•H 


in 

P 


in 

d 


o 

4) 


p 

TJ 


O' 

•rH 



P 


d 

in 


o 

4) 



P 


T3 



4) 

>4 


in 

4h 


m 

-H 


X 

P 



4) 


T3 

> 


4) 



P 

o 


U 

p 


4) 



rH 

T3 


4) 

4) 


in 




O 



4) 


4) 

X 


O' 

U 


d 



fd 

in 


p 

4) 



in 


u 

rH 


4) 

d 


in 

a 


uo 

p 


« 

o 


CM 

p 



o 


O 

p 


P 


in 


*o 

■H 

in 

d 

in 

• 

fd 

>4 

o 


r-H 


in 

fd 


4) 

d 

— 

d 

fd 

> 

rH 


o 

fd 

u 


> 

•H 

d 


d 

•H 

TJ 

o 

5 

4) 

g 


4) 

p 


a 

fd 

fd 

in 

X 

p 

p 


fd 

•rH 

£ 

Q 

< 

P 

O 



4-1 



P 

• 

» 

4) 

u 

TJ 

P4 


CM 


CO 


-rH 

P 

<P 


in 


4 


« 


Automated data processing using BHT-developed program "FFAE04 


OLS DATA REDUCTION PROCEDURE 



PERFORM HARMONIC ANALYSIS 















HBCEOW PAGE BLANK NOT FiL*$?£> 


FLIGHT CONDITIONS FROM THE BASIC OLS PROGRAM 


I 




-H i — I 


•H C i M 
JC u 
^ 4J DMJ 
<u X! *h 4-» 
aDiid c 
O *H Sm 3 
^ rH +-» O 
Ph IH (/) U 


TJ O 


FLIGHT CONDITIONS FROM THE BASIC OLS PROGRAM 



in 



























OLS AIRSPEED CALIBRATION CHART 


I O 00 <D 
P P O' X! 
•H vD P 
rij +J H 
W 03 ^ 
>1* O 

| • rH 

d (0 ^ 4) 

; o S C ^ 


■H ^ H , 

4J 6 <0 ! 

id 0) 3 > 

to A ^ 1 

■ H ■*“* C 1 

IJ in rd -« 

•H W C g 

tJ> <D -H s -I 

-H P 1 

>5 -rH >i 0) 

3 x) x: r 

•§ " £ ° • 

3 'O 3 

-3 C W4J- 

, ^ « (0 o 

do 

,d P TJ «) 

S 3 <d p 

, 3 u 0) rd 

! _ a 3, 

j 7 c w a« 

’ c o p in 

, *H -H *H 

♦ P p rd <U 

W <d ,C 

Jj ^ 6 H 

' C O 

■H O 

J ?rH X> * 

< G rd T3 

J (U u 0 ) <D 

J X3 P ' 

) O ^ H nj 


i a; > >* a> *3 

ox ox fl 

^ -M H 3 rd 

G* cn p 

o (u < <d rtj 

Jj -P W u P LO 

W 0) 0) CO 

R SJ £ O' g*^ 


2* !>« <U ° 

aS"’^? 


m a> <u 2 -H 
IX+i 18 ft 




*H 'O iJ OJ 

.h 'Sx 


w W +J 
a) w 4-> rj 


s § n% 

s^a 

<0 13 
U 'O C3 
w <U -H 

X « <« 


14 4-> M R 

-h y-t a y 
•o O „ « 


lie 

S > <0 


. ^ r* S M 

w oS a 
u’ll J w 

*d *d e 
g u o 

O XI (U 

P ■ H ,£ 0> 

! -U rH t) 43 


^ 3m O' 

^ 'O a) X 
0) > -H 
<D <D G P 

x a°3 

x w u 'd 


•0 o S 
W a-S 

s** 

ft-° D 


P 71 

jQ -O 


P +J 
m-i Mm m 


aP x°*«o 


o II 

in 

X* 0\<D 


rH 

p 

>i 

<D 4J X 

o 

<v 

'V 

4) 


•rH 

u 

3 

MX 

0 

00 1 


fO 

p 

x> 

P H 

p 

G 

T3 


P 

III 

rH 




U 

<u 


•h m 


p 

3 

o 

rd 


rd 

• 

1 



£ 

G 

W o 

'O 

■rH 

P 

•H 

P 

O 

> 

eg , 



£ 

g 


V 

4) 

p 

•rH 

P 


*H 


00 


OX 

o 

o 

o 

d m w 

in 

J-M 

P 

rd 

a) 

P 



ex 

0 

p 

u 

XJ 

O G 

G 

rd 

rH 

P 

p 

rd 


II 

o 


tp 


0) 

0) o O 



rd 


3 

P 

cn 1 



+ 


0) 


x: £ -h 

in 

0) 


0) 

P 



u 

+ 


T3 

-H 

in 

p ^ p 

G 

P 

>i 

P 

rd 

>i 

ul> 

0 


i 

<D 


m 

*H 

o 

G 

P 

3 

P 

P 

H 

00 

U< 

[Z4 

G 

cn 


v (U T3 

■H 

in 

•rH 

in 

0) 

•H 


CM 

O 

o 

■H 

< 

<u 

W ^ G 

P 

in 

in 

in 

& 

in 





rd 

M 

> 

'd 2 ° 

rd 

<U 

G 

<D 

£ 

G 

LO 

II 

11 

p 


p 


5 

p 

0) 

p 

<u 

a) 

& 




X) 

o 


3 

u 

S 7 

n W _ 

o 1 

dJ 

CM 

O 

Cm 

H 

Q 

H 

H 

CD 


E in H 

in fd cn p a) *tj a> 

rd ^ 'H X O X 

? a» o (d -p w +j 


1.045 



OLS AIRSPEED CALIBRATION CHART 


OO 


l*» l£\ J£< 

VO oo o 


oo c\j 

i-< CsJ 



< 

OH 

>- 

h- 

co 

LU 

Q 


h» I s - r- I*"* 

rH i— * f— I i— I i-H i— I 

VO VO VO VO NO NO 
OO OO OO TO TO TO 


CO 

< 

o 


cm oo oo ir> •-J 'O 

SSS! s = d 


oo 

< 


f — OO CO CVI 00 
CM* sd M « S’ cS 

vo 1 — O o . 1 


OH 

i 

=5 

o 

o 


«— < Cvj CO ufN o 

r— • ^ ■— * H H H 

NO NO V© NO NO NO 


CD 


^ < <C < < < 

ir\ i£> i£\ J£ J& *& 

co c<o co co ro co 




DATA ITEMS OF INTEREST 


in 


rH 

in 

(0 

i 

l 

in 

H3 

i 

p 

W 

rH 

to 


p 

•H 

£ 

<D 


G 


m 

5 

w 

<D 

X 

a) 

-H 

<v 

■H 

to 



4_j 

P 

o 

p 

P 

Ip 

O 

o 

<u 

< 


G 

u 

•H 

•rH 

0) 

a r-4 


m 

tO 

*H 

a 


U 

u 



to 

00 



a 

to 

0) 

u 

G 

£ 



a 

P 

to 

P 

a 

to 

O 

0) 


p 

O 


fO 

in 


■H 

p 

c 

pG 



in 

TJ 


<D 


V I 

fc rH g 

° ° o 

$ O ' H 
■H U « 

> .. u • 

g g s- 

O* o g . 
O^o, 

^ « V 

<u ij a> 
“.•3 a, 
« r 

0 ) ’ 
d> H ’ 

•o® 

tn > 

o •§ 

® . * 1 
X 5 rn 
P .2 “ 

B S® -P ' 

i^c- 

^ g § . 
'O (0 
K g " 
ti 2 a 

U *H f/1 

ij ti *H 

* — 1 ro i-o 

<L) U 

tn n r 
P £ 

a) > S 

u o 
g oj g 
£ cn , 
<o - • 

W I— I C r 

g <u o . 

<D W *H 

P 3 W - 

■H 4-4 w r 
tO "p £ 

p o g 
to P 2 

^ 2 £ 

J 

5 9-3 

"o§' 

«°i. 

.3 « I 

o +J 0) 

U TJ 

a p ro 

Cl O H 

< P P 



DATA ITEMS OF INTEREST 



LATERAL CYCLIC ^ || J\ 

TRANSMISSION MOUNT DISPLACEMENTS 
AND LIFT LINK LOAD 



FUSELAGE ACCELEROMETER LOCATIONS 


• <D P P 
03 43 C 03 
P P fd *3 

& -H § 
*H 0 g 
LM LM O TJ 
T3 03 

2 .-9 


w 

•H 

XJ 




. 03 W 

ft X5 03 
£ P P 

a 


6« 
§ * 
'w ^ 

SC 


<£> 


fO rQ 

&S 

s.~ 

4 ISJ 

p a: 
tn 

p * 

i J 


C w 

<u <d 

1/3 

03 P 
P W 

a <D 

03 P 
P 03 
P 

w £ 

u -H 

O O 

C 03 
id 5P 


-ft 

03 


cm 


p 

cn N 
P K 
O 

CO 
a; * 

x: 3 


CJ 

fd 

!m 

Eh 

U 

C 

03 

a 1 

a> 

p 


p 

S' n 

o e 
p ^ 
0-0 

cn M 

g 10 


a/ w 

S 


o> 

p 

U3 0 

C 

o 


p 

fd 


d 
a/ x: 
in cn 
3 3 
O 

P P 
O 43 
P P 
O 

P in 


U 2* 

id .5 

.9 u 

S « 

a 


u 

c 

03 

a 1 

03 03 


_ . 03 - ■ 

U 6 +J m 
L) 03 


fd 


P 

u 

fd 

rA T> C P 
H? 03 O P 
43 ^d-H fl 

0i w fd p o 

fd rH <d U 

rH X3 43 P 
0) 03 I -H W 
w EC o U *H 
0 -H ^ H 43 
IP Ui P 03 P 


O 

CM 



FUSELAGE ACCELEROMETER LOCATIONS 




c 

o 


m 

i 

c 

« 

1 

2 

O 


Ml 


m 

£ 

i 

£ 



* 

Sr 




CM 


Waterline 

Buttline 



blade and yoke strain gage locations 


03 

c . 

* 5 

„ p 

•g K 

o « 

X! a 
u ^ 
M 

a* 

rtf r- 

.sS 


^ c 

4) 
- W 
CM 0) 

p 

*0 a 

C a> 

f 0 P 

w w 
o 


c 
<u c 

i i 

s « 
c x; 
o 

■H <D 
W W 
P 0) 
O pC 


cl) m T 3 
'O _ c C 

<tf T3 rtf -H 
H fj rtf 

*Q <tf ^ CP 
<u O 
P - C 

o ro 

4-1 N H . 

SC Q* w 

a 4J 
N-H fl 
• ' (U 

*■0 § 

'fe s 
*° M ’S ^ 

V U V 
w * C 

a * * 

^ * o 


-H 

C 

o 

B 

O 

■P 


fl 

«H 
03 
P 
-P 

<D _ _ 

T 3 *H P 

nj IM UM 0) 

-H •£ 

xi w e ■ p 

•H O 

rtj jC *H i -1 

£ 13 -p o 
5 rtf 4-1 


Q. . 

0 » 

1 O 

3 00 

P ^ 

5 a) 




rtf 

3 

O 

p 

x: 


M-l *H 


w a) 
C -H 
o 4-1 
*H -rl 
-P U 


S E 

rtf m 


-p u £ £ 
rtf <D .h 45 

u a S 
o w 5 


r— I P 


03 03 
•H 


a) a) 

' P 


<D 

a> 

c 

03 

P 

>1 

u 

g 

a 1 

a) 

p 


Ttf 

03 

P 


P 

<D ’ 

V) 0 ) 5 

4-» ,C _ ° 

£ 4 J 'I? rH 


0) 


0) _ 
XJ o 
H S 


0) *0 0) 

p c x: 

rtf 03 «P 


CM 

CNJ 



BLADE AND YOKE STRAIN GAGE LOCATIONS 



C- CHORD BENDING MOMENT 
T- TORSIONAL MOMENT 
BS-BLADE STATION (% RADIUS) 



DATA ITEM DESCRIPTION 


P I u 
O P -H 

m-i ns d 

a o 

jj E 

■T rH P 

a** 

2 c 


a) 

52 

* § 


C 

o 

•H 

-P 

03 


03 

n -p £ 

S .&0 

C u 

u 


c 

0 ) 


U 1 w 
0 ) 0 ) 


a> 

c 


p 

_3 


P 13 

CX 

u TJ 

w ;H 

e tj i> 

0 ) "H W 
^ 

i-4 03 
a p 
w o 


03 

•P 

rd 

XJ 


03 

X! 


03 


03 

w 

03 

x: 


E 

(D 


4-» 03 
O X 
■P 

c S 

•H 'H 
■P 

W Xf 
•H aj 


P C 
03 

i-H K 

p :d 

U XJ 
•H C 
■P 03 

p a 

03 a 

03 c 
-H 

>i 

4-1 T3 
• H 03 


W G G 
m -H 03 03 


w 

a 

■H 

03 

■P 

c 

o 

u 


03 

P 

a 

03 

p 

03 


W 

03 

P 


X 

03 


W 

3 « 

P P 

S 3 

u u 2 > 

03 3 

G G 
03 O 
E -H 


W 


XJ 
03 

^ rtj 01 u 
u in s 3 
ro -h 'S 
ii +j <u 
*£ a 

D>-H 10 
03 -H U -P 
X! H -H fO 
H to -P "O 


^t 4 

CM 



DATA ITEM DESCRIPTION 


oo 


vov£>cotDvoir>ir>PocooocovOLOLomLnro 


Hd’^-^d'tf-corocvjcvjcvjd^d^rpooocvj 


C\JC\|CMC\JCVJrHrHrHr-lf-lC\JC\JC\JC\|fHr-lrH 


o o o o o 
to o o o uo 
CVJ CVJ 


CVJ 00 to 00 
«— i (T> d C\J 

to o O O *-H 

cm ^ c\j ir> 


X CH LU 

< LU > 

>• 

X z 

z z o 

HH O -J 

—I —I >- 

>- a. 

31 LU Q- 

UUJD £3 

hqdliqq: 
hDHQD2< 
ah*HD<5 
h- i— 3 c* 
LdhhMao 
h- I— < H O Ll 

•— d h- LU 

a: z c h- 

2 -J U I— Z 

_l H 2 U. <5 

UQm<UJ M 

r aa,>ua: 


-J< LU 
CO -J 
t_) H- 1 LU CD 
•Hh J2 
h- q: cd d 

O' LU Z 
LUXO 

> z 

Z C5 W 
ZOZ^LU 
OUHHUID 

j>-o.ia 
>- a_ a. a: 
Q- d d o 


Ll. d h- 

d CD CO 00 

h- => => d 


LU •— t DC Q£ OCT 

— i a: x z z 


to CD CD 

CO CO CO CO CO CO LU LU LU Z Z 
CD— 1— 1— J— J— J— JOOO»— 


►—i hh Q O ►— t 


CVJ f— I LO r-H CVJ 

O ro o o o 

CVJ r-H CVJ V£> CVJ 

o o o o o 

NOrOO ^ 
CVJ 00 CVJ O) o 

CVJ r-H CVJ r- I CVJ 


ir)OOHCvjn^o>OHHc\jro^oHN 
OtnOOOOOOr-Hr-HLOLOl-OLOi— tt-HO 
O O H f-H H »H rH O O O O O O O rH rH tH 
dU.LuLuU.U.U.OOOOOOOOOZ 


d CO O O LU 


dddddddddddddd<«t< 



DATA ITEM DESCRIPTION (CONTINUED) 

GROUP # DATA ITEM * UNITS ITEM DESCRIPTION HARMONICS OF INTEREST 


vovovoioioioioiovoiovoioioioiovoioiOLniOLnvo <n vo vo lo 




CVJCVJCVJCVJCVJCVJCVJCVJCVJCVJCVJCVJCVJCVJCVJCVJCVJCVJrHCVJrHCVJ CVJ CVJ CVJ rH 


in in lo vo to 


n ro ro ^ ro 


fH »H pH C\J fH 
















co 

cn 

VO 




























•ro 

o 























ro 





oo 

CVJ 

























o 

rx 


00 • 

in 





o 












O 




o rx 


• 


• 

• 


^ LO 






o o 











o 

• 




• • 


LO 


o 

00 

CVJ 

f— 1 

c 





O CVJ 





in 






• 





O 00 

CO 

rH 


LO 

o> 

ro 

C LO 

»- 





CVJ 





• 







o 




in CTi 

CO 

LO 


CVJ 

CVJ 

• 

1 — 

OO 





<c 





00 






o 

CVJ 




CVJ CVJ 

• 





«H 

OO C 






O C h- 





rH 




LO 

o 

C\J 






rH 

< 


c 

c 

o 

1 — 

z 





O H </) 
CVJ OO 









• 

• 


< 

LO 

O 


< < 

o 

h- 


h- 

h- 


Z 00 

o 








in 

< 




00 

co 

<£ 

h— 

• 



1 — H* 


OO 

o 

00 

oo 


o 

l-H 





z 




• 

h- 




«?r 

OS 

h— 

OO 

00 

ro 

o 

O0 OO 



• 



<c 


h- 



CD 


c z o 

h— 



00 

oo 

CD 


CD 

rH 


00 



cr» 



< 

z 

VO 

z 

z 

H- 

h-O 

2 


CD 

Z 

CD 

I— o — « 

Z 



*-H 


Z 

CD 

Z 


<c 


z 

•H 


VO 

z z 

1 — 

o 


o 

O 

OO 


LU 

Z 

HH 

z 

OO I — 

LU 




CD 

l-H 

Z 

HH 

«C 

h— 

Z 

o 


< 


o o 

00 

H 


HH 



00 

O 

»— i 

Q 

l-H 

O 00 

z 



«=c 

z 

o 

l-H 

Q 

1— 

OO 

o 

HH 

C 

h- 


HH HH 


1— 

<c 

1— 

h- 

z 


HH 

OC 

o 

Z 

Q 

o 



h— 

l-H 

z 

Q 

Z 

00 


HH 

1— 

H— 

OO 

c 

1— H— 

z 

s 

h— 

c£ 

c 

O 

> 

O 

z 

LU 

Z 

z 



OO 

Q 

LU 

Z 

LU 


H- 

<c 

00 


f— 

OC QC 

o 

OO 

oc 

i — t 

> 00 


Li. 

LU 

00 

LU 

l-H CO 1^ 





Z 

CO 

LU 

OO 

z 

O 

< 

oc 



OO 

HH 

00 


00 

OO 

h— 

HH 

-J 


CO 


OO 

h- *-H > 

z 



CD 

LU 


OO 


o 

i— i 

OC 

00 

z 

o 


CO 00 

h- 

» — 4 

z 

1 — 4 

►— H 

s 

• > 

< 

U 


O 


s ^ -J 

o 

LU 


Z 

00 

O 


o 


h— 

00 

f-H 

o 

HH 

z 

1— 1 M 

3 

> 

o 

> 

> 


o 

c 

z: 

OC 


l-H 

OC 


HH 


OC 

z 

oc 

1— 

2 


> 


H 

o 

> > 


M 



CO 

oc u 

H 


< 

o 

< 

Q3-J< 

CO 

=> 


o 

oc 

o 

< 

o 

2 

> 


h- 

S 

HH 


00 

— 1 

h- 


—I 

*—* 

LU <C 

H— 

X 

LU 

=c 

LU 

•H<U 
> OC l-H 

oc 

1 — z 

z 


z 

LU 

z 

CO 


— 1 

z 

h- 

— J —1 

•— < 


<c 

«*: 

<c 

>• 

>• <u 

OC 


OO 

o 

CO 

o 

s 

LU 

LU 

—1 

CD 

OO 

CD 

GO 

HH 

— 1 

<c 

00 

2 

<c c 

> 

oc: 

cm 

cd 

o 


*— ♦ 

LU 





LU H- 

h— 

H- 

OO 

=> 




HH 

> 

< 

o 

00 

HH 

oc cm 


LU 

OO 

l-H 

»— » 

— J 

z »— 

> 

LU 

LU 

LU 

LU 

< h- oc 


LU 00 


o 

LU 

LU 

LU 

> 


u 


HH 

> 

00 

LU LU 

—I 

f- 

HH 

h- 

1 — 

< 

o oc 


O 

Q 

O 

Q 

\<iu 

LU 

Cl 

>- 

-J 

HH 

a 

a 

a 


— J 

HH 

h- 

> 


1— 1 

1— 1— 

<a: 

*x, 

> 

OC 

oc 

CJ 

H LU 

X 

2 

C 

c 

C 

Li J > 

O 

Z 00 

LU 

Q 

< 

c 

c 

— 1 

< 

h— 

cm 


U 

> 

<£ < 

cm 

_u 


LU 

LU 

l-H 

1— > 

o 

—1 

— 1 

-J 


< 



-J 

z 

_J 

u 

-J 

c 

O 

□£ 

LU 

—1 

2 


_l U 

LU 


— 1 

>• 

> 

►— 

o 

OO 

00 

00 

OO 

00 

s 

— 1 


u 

LU 

CO 

00 

00 

cd 


LU 

> 

s 

—1 


i— 

z 

< 



OC 

z z 






CO 00 CO 00 


O 

2 

a_ 




HH 

f— 

> 


LU 

ct: 

^ z 


1— 1 

CD 


z 

LU 

=> *-H 

oc 

CD 

Q 

o 

o 

DDD 


oc o 

oc 

a 

o 

o 

♦— 

cn 


c D 

LU 

1— 

oc 

cd o 

-j 

Li. 

►— 1 

cd 

o 

> 

LL. 

< 

2 

LU 

LU 

LU 

Z Z Z Q 

l-H 

00 

< 

LU 

LU 

LU 

LU 

c* 

LU 

CD 

z 

H 

3 

LU 

LU •— » 



H— 

LU 

»— 1 



LU 

OC 

oc 

OC 


LU 


1 

CL 

a. 

oc 

OC 

OC 

LU 

> 

Z 

HH 

3 

H— 

O h- 

cm 

-U 

OC 

Q 

h— 

OC 

Z — 1 

CD 

O 




CL. CL Q. OC 


o 








H- 1 

3 



CD 

o 

c 

LU 


O 

o 

— ' c 



oc 

oc 

OC 

O O O 


LU 

LU 

H- 

K- 

oc 

OC 

oc 


OC 

3 



cm 

_l 

LU Z 

H- 

cd 

=> 

LU 

z 

H- 

Li- OO 

Q 

3E 

21 

s: 

1— I— H- 0C 

O LU 

00 

00 

z 


z 

h- 

LU 


H- 

1— 

LU 


Z =5 


HH 


Z 

=> 

C 

M 

O 

LU 





z 

»-h CL 

£2 

oc 



o 

z 

1— 

z 

O 

z 

LU 


> 

►— 

LU 

HH 

*-o 

> 

-u h- cr» 

OC 

OC 

oc 

oc 

H H h* 


00 00 

oc 

oc 

— 1 

z 

LU 

cd 

— 1 

z 

OO 

CD 

LU 

OC 

CO 

CD 


LU 

i-h oc 



** 



LO OO 00 ** 

h- oc 



** 



1— 1 

ro 

LU 

HH 


=> 

O 

Z 00 

_l 

LU 

o 


OO 

_ I 

C LU CO 

OC 

o 

o 

o 


o 

z 

M 

OC oc 

o 

o 

o 

a. 

cd 

— 1 

cm 

CL 

cd 

z 

LU h- 

LU 

> 

z 

LU 

h- 

LU 

h- > 1— 


in 

in 

ro 

ro 

o c 

z 

z 

ro 




OO OO 00 

00 CD 

CO CO OO co co 

00 -J —1 —I 

-J * 

i _i i i — i 

CD CD CD CD CD CD CD CD CD CD CD CD CD CD CD CD CD CD — 1 1 1 1 

CD CD CD 1 CD * 

i i i i i 

z z z 

ZLUh 

z z z z z 

l-H HH HH 

nh o 

HH HH HH HH HH 


as 

00 

00 

rH 

CVJ 


VO 

IX 

00 


i-H 

in 

VO 

IX 

00 

a 

o 

rH 

LO 

CVJ 

ro 

VO 

VO 

IX 

00 

o 


CVJ 

00 

os 

rx 

CVJ 

ro 

rH 

CVJ 

o 

o 

o 

o 

o 

O 

o 

o 

«-H 

i-H 

i-H 

rH 

rH 

rH 

CVJ 

CVJ 

o 

CVJ 

CVJ 

CVJ 

00 

00 

00 

m 

o 

o 

o 

o 

CVJ 

CO 

ro 

o 

o 

VO 

VO 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

ro 

rH 

rH 

rH 

rH 

00 

00 

00 

rH 

o 

o 

rH 

rH 

rH 

rH 

rH 

c 

< 

< 

<c 

< 

c 

*c 

«£ 

< 

<E 

C 


<C 

< 

<c 

< 



Li- 

OO 

OO 

00 

<c 

< 

c 

< 

h— 

CL 

00 

CO 

CO 

00 

CO 


moOCQCOCQmcOOOCOCQOQOOCOQOQOOOOOCQOOOQCQCQ oooooo ooooo 


DATA ITEM DESCRIPTION (CONCLUDED) 


oo 

LU 

or 


oo 

o 


OC 

c 


VO LO LO LO LO LO 

* M fl A • *, 

co ron co co 

* * A ft MM 

CVJhhH H »H H 


or 

o 

00 


CD LU 2l LU 

zsuis: 
• o o o 
o 2: 2: 2: 


CQ0OO 

•— i >— < »— « 

S OO 00 00 

C ad ad cn 

lu o o o 

CQ ) — f — | — 


O Q 
< C 
—I —I 
00 CO 

Q O 
LU LU 

cc Od 
or or 


or or 
o o 

oo LO 


Q Q 

< c 

—I _J 
CO CO 

o q nr 

LU LU | — 

ad ad “zn 
or or S 

2: s hsl 

or or 
** *•$ a: 
o o \ 
NO> Z 


o 

LO 

<3: 

LO h- 
• OO 
to 

CD 

< 2r 

h- — 1 

00 o 

2r 

CD LU 
21 CO 
»— * 

q or 
2 < 
LU _l 
CO ID 
O 
_J ► — < 

lu a 


<C CL 

or or 

C LU 
CL CL 


00 00 


or or 


r- 

<N 


CO CO CO CO LU CO CO 
— I — I — j -j 00 -U -J 
■III — r • 1 

2222D2Z 
• »— i Q_ *— • »— « 




< 

Q 


^ LT> (O N C\J C\J ro 

CO co CO CO O) co 00 

•-H <T> <T» OO OO 00 00 

co z Z Z or co co 


CL 

r> 

o 

or 

CD 


OOOO LU LU LU 



SAMPLE HARMONIC OUTPUT 


mh ,n * G 
o 3 -p o 

XS « ^ 
03 g 

■h a o 

D<^ rl "H 

§ 


. XJ 
K G 
<L) (0 

G «■ 

<0 


03 * 

tO CM 


u 

0 ) 

03 

03 

> 

H 

4 -> 


in 

<? a 

G -rT 

w oj ' Ti p 

<UH ^ U 

o> a .2 « 

(0 E Jj 0 ) 

a 3 

w 

03 P 
G Z fd 
•H O rH 
G JC G 
03 X» Hh 
O' tO O 
G W H _ 
•H 4 -> XJ 
> O G 
O rH ,03 
rH CX rpt 

J V 


Xf 

<u 

X 2 

+j 


O 0 ) 
Hh 03 
03 

a> x: 


S .5 
0 ) ro 
M w 


w 10 m 
§ ai •« E 

° i- o c 

fi-H 

0 ) o 4 -» 

U -H « 
O 4 J 

G 


<v 

+J 

G 

03 

0 ) 

<u 


U o 


rSJ 

XJ 

G 

rH 

U 

C 

■H 

< 

ID 

m 


■ft 

-H 


P 

O 

Hh 

XJ 

03 

<v 

a 

03 

P 

-H 

f 0 

03 

G 

03 

P 

03 

> 


n c 

a o 

4 h 

03 











P 

f 0 










■H 

to 

a 

4-3 










03 +j 


<0 










^ u 


to 

XJ 




03 






tO p 

03 

4-3 





G 






XJ 

m 

to 

XJ 




O 






03 03 


XJ 

03 




*H 






£ p 

03 


U 




4-3 




03 

0 ) 

03 

03 

G 


03 


to 




C 

C 

4 -» t 0 

o 

■H 

'G 


c 

03 

P 


03 


o 

o 

■H -P 

x: 

03 


o 

G 

03 


G 

03 

*H 

•rH 

to 


H 

P 

03 

•H 

O 

rH 


O 

G 

4 -> 

4-3 

t 0 G 

G 



G 

4-3 

•H 

03 

03 

•H 

o 

to 

to 

4 -> 

-H 


>< 

O 

to 

P> 

U 

G 

4-3 

*H 

p 

P 

to tn 


, 

rH 

*H 

P 

to 

<J 

O 

to 

4-3 

03 

0 ) 

XJ PI 

03 

<2 

rH 

4 -> 

03 

P 

to 

•H 

P 

to 

rH 

rH 

o 

G 

to 

rd 

rH 

03 


4-3 

03 

p 

03 

03 

Tl 

o 

*H 

u 

P 

03 

rH 

rH 

to 

rH 

03 

U 

U 

03 03 

4 J 

■H 

•H 

03 

U 

03 

to 

p 

03 

rH 

U 

U 

4-3 


G 

rH 

U 

CJ 

L> 

03 

U 

03 

to 

to 

U -M 
03 

rH HH 
03 O 
03 

to 

g 

O 

03 

to 

CJ 

■H 

rH 

CJ 

U 



M 

0 ) 

n. 

£ 

U 


to 

4-3 

03 

to 

U 

rH 

rH 

03 

P 

U 

rH 


P 

U 


to 

to 

tO 

rH 

5 T 4 

to 

to 

to 

rH 

03 

U 

rH 


P 

G 

03 

X 2 


U 

to 

> 

to 

to 

rH 

03 

*H 

U 

03 


rH 

■H 

cj 



p 

(0 

4-3 

XJ 

4-3 

u 

03 

CM 

to 

4-3 

•H 


rH 

03 

P 

<0 

G 

CM rH 

to 


O 

U 

P 

4 -> 

o 

to 

4 -> 

03 

rH 

4-3 

O G 

* H XI 


*H 

03 

P 

X 3 

p 

to 

4-3 


*H 

03 

§■> 


03 

4-3 

> 

03 

P 

03 

rH 

to 

£ 

cn 

03 <U 

P to 

4 -» 

P 


> 

t 0 

4-3 


rH 

O 

G 

+J P 

to 4 -J 

o 

0 ) 

P 


03 

(0 

P 


O 

o 

O 

to 

03 to 

rH 

> 

03 

+J 

O' 

rH 

03 

4-3 


rH 

rH rH 

rH 

ax> 

a 


G 

o 



G 

O 


a * 

G 

03 

03 

& 

to cn 

03 

■9 


rH 

•H 

o 

O 

■§ 

§ 

rH 

*H 

■H 

to 

9 

03 

<H 

PI 

rH 

PC 

O 

PH 

<T* 

PC 

O 

PH 

H 

PC 

rH ^H 

03 O 

a 










a 

XI 

6 











E 03 

03 03 

to 

• 

♦ 

• 

♦ 

• 

• 

• 

* 

• 

3 x; 

G 

-P A 

>2 

rH 

CM 

CO 


m 



00 

o> 

C /3 4-3 

to 

■H 4-3 

W 











CO 

CM 



.ACC 



SAMPLE HARMONIC OUTPUT (CONTINUED) 

FLIGHT 35A FUSELAGE VERTICAL ACCELERATION 



I 


TRUE AIRSPEED (KNOTS) 



SAMPLE HARMONIC OUTPUT (CONTINUED) 

FLIGHT 35A FUSELAGE VERTICAL ACCELERATION 



TRUE AIRSPEED (KNOTS) 





SAMPLE HARMONIC OUTPUT (CONTINUED) 

FLIGHT 35A HUB LATERAL ACCELERATION 


I 



TRUE AIRSPEED (KNOTS) 



SAMPLE HARMONIC OUTPUT (CONTINUED) 

FLIGHT 35A FUSELAGE LATERAL ACCELERATION 



TRUE AIRSPEED (KNOTS) 



SAMPLE HARMONIC OUTPUT (CONTINUED) 

FLIGHT 35A FUSELAGE LATERAL ACCELERATION 



TRUE AIRSPEED (KNOTS) 



SAMPLE HARMONIC OUTPUT (CONCLUDED) 

FLIGHT 35A HUB LONGITUDINAL ACCELERATION 



TRUE AIRSPEED (KNOTS) 



SECTION 4. FINITE ELEMENT ANALYSIS MODEL 



ON 

m 


PRECEDING PAGE BLANK NOT FiLMcD 
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APPLIED MAIN ROTOR AND CONTROL SYSTEM LOADS 
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Underslinging =4.5 inches (PCA intersection below mast pivot axis) 
Control system torsional spring rate, K c = 396,000 (in- lb/ rad) 
PH0FF =14.1 inches 
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